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(57) ABSTRACT 

A method for transmitting pilot allocation information from a 
base station for reception by at least one of a plurality of 
mobile stations participating in a Multi-User Multiple Input 
Multiple Output (MU-MIMO) communication, the method 
including the steps of generating pilot allocation information 
for the one mobile station, and transmitting the pilot alloca 
tion information for reception by the one mobile station, 
wherein the pilot allocation information includes at least one 
of a total number K of pilot streams allocated to the plurality 
of mobile stations, an index k representing a first pilot stream 
of one or more pilot streams allocated to the one mobile 
station among a plurality of pilot streams defined for a pilot 
pattern selected for the MU-MIMO communication, a num 
ber M of the pilot streams allocated to the one mobile station, 
and bitmap information indicating the pilot streams allocated 
to the one mobile station among the plurality of pilot streams 
defined for the pilot pattern. 

- - S301 

Transmit information determined K, Mn and k to user --- S3O2 

  

  

  

  



Patent Application Publication Jul. 15, 2010 Sheet 1 of 5 US 2010/0178927 A1 

FIG. 1 
Related Art 
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FIG. 2 
Related Art 

  



Patent Application Publication Jul. 15, 2010 Sheet 3 of 5 US 2010/0178927 A1 

FIG. 3 

Determine number of pilot streams allocated to user in pilot 
pattern (Mn), total number of pilot streams allocated to all users in 
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pilot palem (K), and index of first of one or more pilot streams allocated 
to user among pilot streams defincd for pilot pattern (k) by BS 
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FIG. 4 
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METHOD FORTRANSMITTING PLOT 
ALLOCATION INFORMATION TO USER 

EQUIPMENT IN A MULTI-USER MULTIPLE 
INPUT MULTIPLE OUTPUT SYSTEM 

0001. This application claims the benefit of Korean Patent 
Application No. 10-2009-0044656, filed on May 21, 2009, 
which is hereby incorporated by reference. This application 
also claims the benefit of U.S. Provisional Application Ser. 
No. 61/143,150, filed on Jan. 7, 2009 and U.S. Provisional 
Application Ser. No. 61/143,161, filed on Jan. 8, 2009, each 
of which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a Multi-User Mul 

tiple Input Multiple Output (MU-MIMO) communication, 
and more particularly, to a method for transmitting pilot allo 
cation information to a user and to a method of receiving Such 
pilot allocation information at a user equipment. 
0004 2. Discussion of the Related Art 
0005 Future-generation mobile communication and wire 
less transmission systems are expected to employ a Multiple 
Input Multiple Output (MIMO) communication that uses a 
plurality of antennas for data transmission. The goal of future 
generation systems is to increase data rate and system capac 
ity. 
0006. In a Single User Multiple Input Multiple Output 
(SU-MIMO) communication, a channel matrix H is formed 
between a Mobile Station (MS) with two or more antennas 
and a Base Station (BS) with two or more antennas. By 
contrast, in a MU-MIMO communication, a channel matrix H 
is formed between two or more MSs each having one or more 
antennas and a single BS with a plurality of antennas. The 
concept of uplink MU-MIMO is illustrated in FIG. 1. 
0007 Compared to first-generation MIMO communica 
tion systems based on the premise that a plurality of pieces of 
information are transmitted through a plurality of antennas 
between a BS and a single user, MU-MIMO communication 
forms a Multiple Input Multiple Output Spatial Multiplexing 
(MIMOSM) matrix between a BS and a plurality of users, as 
illustrated in FIG. 1 and FIG. 2. Derived from basic MIMO 
concepts, the MIMOSM channel matrix is improved because 
the values of its elements are less correlated. Therefore, if 
multiple users are considered at a given time, an improved 
channel matrix may be achieved because fewer correlations 
are expected among the antennas of the users. 
0008. As illustrated in FIG. 2, in SU-MIMO, the BS deter 
mines with which user it will form a 2x2 channel matrix at a 
given time to achieve the highest data rate. For example, a 
MIMO operation with a first user, User-1, may achieve a total 
data rate of 2.5 Mbps (-2.0+0.5), a MIMO operation with a 
second user, User-2, may achieve a total data rate of 2.0Mbps 
(=1.5+0.5), and a MIMO operation with a third user, User-3, 
may achieve a total data rate of 1.8 Mbps (-0.8+1.0). Accord 
ingly, the BS operates with User-1 in SU-MIMO as User-1 
achieves the highest total data rate. 
0009. By contrast, in MU-MIMO, the data rate is deter 
mined according to signals transmitted to different users 
through a plurality of transmission antennas. For example, if 
the BS transmits signals to User-1 and User-2, a total data rate 
of 3.5 Mbps (-2.0+1.5) may beachieved. However, even in a 
MU-MIMO system, if the data rate between the BS and a 

Jul. 15, 2010 

single user at a given time is the highest data rate that may be 
achieved from among all possible user combinations, a 
MIMO operation may be performed between the BS and the 
single user. In this context, it may be said that MU-MIMO 
encompasses SU-MIMO. 
0010. A brief description will be made of a channel esti 
mation method and a pilot signal. 
0011 For detection of a synchronization signal, a receiver 
requires knowledge of a radio channel (i.e., attenuation, phase 
shift, time delay, etc.). Channel estimation is the process of 
estimating the amplitude and reference phase of a carrier. In a 
wireless channel environment experiencing irregular changes 
of a channel over time in the time and frequency domains, 
called “fading the amplitude and phase of the channel are 
estimated. This is channel estimation. In other words, channel 
estimation is equivalent to estimation of the frequency 
response of a radio interface or a radio channel. 
0012 For channel estimation, a reference value may be 
estimated using several pilot symbols from the BS by means 
of a two-dimensional channel estimator. As the pilot symbols 
are intended to help carrier phase synchronization and acqui 
sition of BS information, they are transmitted at a high power 
level without carrying actual data. The transmitter and the 
receiver may carry out channel estimation using Such pilot 
symbols. Specifically, the pilot symbol-based channel esti 
mation is to estimate a channel using pilot symbols known to 
both the transmitter and the receiver and recover databased 
on the channel estimate. 
0013. Accordingly, the BS should notify each MS of pilot 
allocation information specifying pilots allocated to the MS 
in the MU-MIMO system. To this end, the MU-MIMO sys 
tem needs additional signaling. 

SUMMARY OF THE INVENTION 

0014. Accordingly, the present invention is directed to a 
method for transmitting pilot allocation information to user 
equipment in a multi-user multiple input multiple output sys 
tem and a method for receiving Such pilot allocation informa 
tion at Such user equipment that Substantially obviate one or 
more problems due to limitations and disadvantages of the 
related art. 
0015. An object of the present invention is to provide a 
method for efficiently transmitting and receiving pilot allo 
cation information in a MU-MIMO system. 
0016. Additional features and advantages of the invention 
will be set forth in the description which follows, and in part 
will be apparent from the description, or may be learned by 
practice of the invention. The objectives and other advantages 
of the invention will be realized and attained by the structure 
particularly pointed out in the written description and claims 
hereofas well as the appended drawings. 
0017. To achieve these and other advantages and in accor 
dance with the purpose of the present invention, as embodied 
and broadly described, the method for transmitting pilot allo 
cation information to user equipment in a multi-user multiple 
input multiple output system includes a method for transmit 
ting pilot allocation information from a base station for recep 
tion by at least one of a plurality of mobile stations partici 
pating in a Multi-User Multiple Input Multiple Output (MU 
MIMO) communication, the method including the steps of 
generating pilot allocation information for the one mobile 
station, and transmitting the pilot allocation information for 
reception by the one mobile station, wherein the pilot alloca 
tion information includes at least one of a total number K of 
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pilot streams allocated to the plurality of mobile stations, an 
index k representing a first pilot stream of one or more pilot 
streams allocated to the one mobile station among a plurality 
of pilot streams defined for a pilot pattern selected for the 
MU-MIMO communication, a number M of the pilotstreams 
allocated to the one mobile station, and bitmap information 
indicating the pilot streams allocated to the one mobile station 
among the plurality of pilot streams defined for the pilot 
pattern. 
0018. In another aspect, the method for transmitting pilot 
allocation information to user equipment in a multi-user mul 
tiple input multiple output system includes a method for 
transmitting pilot allocation information from a base station 
for reception by at least one of a plurality of mobile stations 
participating in a Multi-User Multiple Input Multiple Output 
(MU-MIMO) communication, the method including the 
steps of determining a total number K of pilot streams allo 
cated to the plurality of mobile stations, determining an index 
k representing a first pilot stream of one or more pilot streams 
allocated to the one mobile station among a plurality of pilot 
streams defined for a pilot pattern selected for the MU-MIMO 
communication, determining a number M of the pilot streams 
allocated to the one mobile station, and transmitting informa 
tion representing the determined K. kand M for reception by 
the one mobile station. 

0019. In another aspect, the method for transmitting pilot 
allocation information to user equipment in a multi-user mul 
tiple input multiple output system includes a method for using 
pilot allocation information transmitted from a base station at 
one of a plurality of mobile stations in a Multi-User Multiple 
Input Multiple Output (MU-MIMO) communication, the 
method including the steps of receiving the pilot allocation 
information, and determining positions of pilots allocated to 
the one mobile station in a pilot pattern selected for the 
MU-MIMO communication based on the pilot allocation 
information, wherein the pilot allocation information 
includes at least one of a total number K of pilot streams 
allocated to the plurality of mobile stations, an index k rep 
resenting a first pilot stream of one or more pilot streams 
allocated to the one mobile station among a plurality of pilot 
streams defined for the pilot pattern selected for the MU 
MIMO communication, a number M of the pilot streams 
allocated to the one mobile station, and bitmap information 
indicating the pilot streams allocated to the one mobile station 
among the plurality of pilot streams defined for the pilot 
pattern. 
0020. In another aspect, the method for transmitting pilot 
allocation information to user equipment in a multi-user mul 
tiple input multiple output system includes a mobile station in 
a Multi-User Multiple Input Multiple Output (MU-MIMO) 
communication system with at least one base station trans 
mitting pilot allocation information and one or more other 
mobile stations, the mobile station including a receiver to 
receive the pilot allocation information, and a processing unit 
to determine positions of pilots allocated to the mobile station 
in a pilot pattern selected for the MU-MIMO communication 
based on the pilot allocation information, wherein the pilot 
allocation information includes at least one of a total number 
Kof pilotstreams allocated to the mobile station and the other 
mobile stations in the MU-MIMO communication, an index k 
representing a first pilot stream of one or more pilot streams 
allocated to the mobile station among a plurality of pilot 
streams defined for the pilot pattern selected for the MU 
MIMO communication, a number M of the pilot streams 
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allocated to the mobile station, and bitmap information indi 
cating the pilot streams allocated to the mobile station among 
the plurality of pilot streams defined for the pilot pattern. 
0021. In another aspect, the method for transmitting pilot 
allocation information to user equipment in a multi-user mul 
tiple input multiple output system includes a base station in a 
Multi-User Multiple Input Multiple Output (MU-MIMO) 
communication system with a plurality of mobile stations, the 
base station including a processing unit to generate pilot 
allocation information for at least one of the plurality of 
mobile stations, and a transmitter to transmit the pilot alloca 
tion information to the one mobile station, wherein the pilot 
allocation information includes at least one of a total number 
Kof pilotstreams allocated to the plurality of mobile stations, 
an index k representing a first pilot stream of one or more pilot 
streams allocated to the one mobile station among a plurality 
of pilot streams defined for a pilot pattern selected for the 
MU-MIMO operation, a number M of the pilot streams allo 
cated to the one mobile station, and bitmap information indi 
cating the pilot streams allocated to the one mobile station 
among the plurality of pilot streams defined for the pilot 
pattern. 
0022. It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 The accompanying drawings, which are included to 
provide a further understanding of the invention and are 
incorporated in and constitute a part of this specification, 
illustrate embodiments of the invention and together with the 
description serve to explain the principles of the invention. In 
the drawings: 
(0024 FIG. 1 illustrates uplink Multi-User Multiple Input 
Multiple Output (MU-MIMO) communication; 
0025 FIG. 2 illustrates downlink MU-MIMO communi 
cation; 
0026 FIG. 3 is a flowchart illustrating a method for trans 
mitting pilot allocation information according to an exem 
plary embodiment of the present invention; 
0027 FIG. 4 is a flowchart illustrating a method for trans 
mitting pilot allocation information according to another 
exemplary embodiment of the present invention; and 
0028 FIG. 5 is a block diagram of an apparatus which is 
applicable to a BS and a UE, for implementing the methods 
according to the exemplary embodiments of the present 
invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0029 Reference will now be made in detail to the embodi 
ments of the present invention, examples of which are illus 
trated in the accompanying drawings. 
0030. Multi-User Multiple Input Multiple Output (MU 
MIMO) is a scheme of forming a channel matrix between two 
or more users each having one or more antennas and a single 
Base Station (BS) with a plurality of antennas. Pilot symbols 
are used to estimate the channels between the BS and the 
users. For pilot symbol-based channel estimation, pilot sym 
bols are known to both a transmitter and a receiver. Therefore, 
the BS provides users with pilot allocation information speci 
fying pilots allocated to the users. 
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0031 Transmission of pilot allocation information to a 
user in a MU-MIMO system is described below. 
0032. The number of pilot streams supported in a frame 
may differ in pilot patterns. A pilot pattern indicator is 
denoted by i. Then, P. is defined as the number of pilotstreams 
Supported by pilot patterni. For the purpose of explanation, it 
is assumed here that two pilot patterns are available, pilot 
pattern Asatisfying P-2 and pilot pattern B satisfying P-4. 
Given a total of n users in the MU-MIMO system, the users 
are denoted by MS, MS, ... MS, respectively. The number 
of pilot streams allocated to a user in a pilot pattern is M, and 
the total number of pilot streams allocated to all users is K. 
Pilot allocation information may be transmitted to each user 
in the following methods. 

Embodiment 1 

0033 FIG. 3 is a flowchart illustrating a method for trans 
mitting pilot allocation information according to an exem 
plary embodiment of the present invention. As shown in FIG. 
3, the BS determines the number of pilot streams allocated to 
a user in a pilot pattern, M., the total number of pilot streams 
allocated to all users in the pilot pattern, K, and the index of 
the first of one or more pilot streams allocated to the user 
among multiple pilot streams defined for the pilot pattern, k, 
in step 301. Then, the BS transmits information about the 
determined values K, M, and k to the user in step 302. 
0034. The selection and allocation of a pilot pattern using 
K, M, and k is described below. First, the pilot pattern is 
automatically selected based on the value K. In particular, a 
pilot pattern Supporting a minimum number of pilot streams 
is selected from among pilot patterns each Supporting Kor 
more pilot streams. If a pilot pattern Supporting K pilot 
streams is available, it is preferably selected. For example, if 
K=3, which means that the total number of pilot streams 
allocated to all users is 3, a pilot pattern Supporting a Smallest 
number of pilot streams (e.g., pilot pattern B) is selected from 
among pilot patterns each Supporting three or more pilot 
StreamS. 

0035. The user utilizes M. pilot streams in total, starting 
from pilot stream k in the pilotstreams allocated to the user in 
the selected pilot pattern. The indexes of the pilot streams for 
the user are k to k+M-1. For example, if pilot pattern B is 
selected and pilot streams exist for pilot stream 1 to pilot 
stream 4, the index of the first of one or more pilot streams 
allocated to the user, k, may be set to 2 such that pilot stream 
2 to pilotstream 2+M1 are used for the user. Therefore, when 
the BS transmits the values K, M, and k to the user, the user 
may be aware of the selected pilot pattern and the pilot 
streams allocated to the user in the pilot pattern based on the 
values K. M., and k. 

Embodiment 2 

0036. In accordance with another exemplary embodiment 
of the present invention, pilot allocation information is pro 

K M, 

K = 2 M = 1 

M = 1 

k 

k = 0 
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vided by use of the number of pilotstreams allocated to a user 
in a pilot pattern, M. pilot pattern information, and the index 
of the first of the pilot streams allocated to the user, k. 
0037. The pilot pattern, M is directly indicated to the 
user rather than the pilot pattern being automatically selected 
using the total number of pilot streams allocated to all users, 
K. For example, if only two pilot patterns A and B are avail 
able, pilot patterns A and B are distinguished by 1 bit. Nota 
bly, the pilot streams for the user are determined to be k to 
k+M1 in the same manner as in the foregoing exemplary 
embodiment of the present invention. 
0038 If the values K. Mork can be implicitly determined 
from other information in a MU-MIMO operation or do not 
necessarily depend on system implementation, the values K. 
M, or k may not need to be transmitted. For instance, if M is 
fixed to 1 in the system, M, may not be transmitted. 
0039. In Embodiment 1, if K is fixed, Kneed not be trans 
mitted. For example, this is the case in the allocation of a 
tile-based Distributed Resource Unit (DRU) on an uplink of 
Institute of Electrical and Electronics Engineers (IEEE) 802. 
16m. Because IEEE 802.16m supports up to two streams, the 
allocation of a tile-based DRU restricts K to 2, MU-MIMO 
not being viable if K=1. As K is known simply from a MU 
MIMO index in view of the nature of the allocated resources, 
it is not necessary to transmit K. If K=2 and M-2, this 
implies that two pilot streams are allocated to a single user 
and thus MU-MIMO may not be implemented. Therefore, if 
K=2, M is restricted to 1. In this case where K-2, a user MS 
needs only the index of the first of allocated pilot streams, k, 
or an indication of an allocated pilot stream. 
0040 Also, when the BS is restricted to support two trans 
mission antennas or up to two pilot streams, there is no need 
to transmit K because K is known simply from a MU-MIMO 
index. Again, M., is limited to 1. Therefore, only the index of 
the first pilot stream allocated to a user Moran indication of 
a pilotstream allocated to the user M, needs to be transmitted. 
However, if a plurality of pilot patterns supporting two pilot 
streams is available, an index identifying a used pilot pattern 
is also needed. 

0041) Meanwhile, the information K, M, and k may be 
applied independently. For example, given only the informa 
tion Kandk, a user may use the specific pilot stream allocated 
by the BS instead of M, contiguous pilot streams eventhough 
the user is aware of the first pilot stream allocated to the user 
among a total of K pilot streams. To indicate the allocated 
pilot streams to the user, information about the differences 
between the index k of the first allocated pilot stream and the 
indexes of the other allocated pilot streams may also be used. 
0042 Table 1 lists pilot allocation information available to 
a user M, which is configured according to the number M, of 
pilot streams allocated to the user among pilot streams 
defined for a pilot pattern, the total number K of pilot streams 
allocated to all users in the pilot pattern, and the index k of the 
first of the pilot streams allocated to the user M. 

TABLE 1 

Stream 

use first pilotstream in pilot pattern A (second pilot stream in pilot 
pattern Ashall be null transmission) 
use second pilot stream in pilot pattern A (first pilot stream in pilot 
pattern Ashall be null transmission) 
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TABLE 1-continued 

Stream 

in pilot pattern B shall be null transmission) 
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M = 2 k = 0 use first and second pilot streams in pilot pattern B (third pilotstream 

M = 2 k = 1 use second and third pilot streams in pilot pattern B (first pilotstream 
in pilot pattern B shall be null transmission) 

M = 1 k = 0 use first pilot stream in pilot pattern B (second and third pilot streams 
in pilot pattern B shall be null transmission) 

M = 1 k = 1 use second pilot stream in pilot pattern B (first and third pilot streams 
in pilot pattern B shall be null transmission) 

M = 1 k = 2 use third pilot stream in pilot pattern B (first and second pilot streams 
in pilot pattern B shall be null transmission) 

stream in pilot pattern B shall be null transmission) 
M = 3 k = 0 use first, second, and third pilot streams in pilot pattern B (fourth pilot 

M = 3 k = 1 use second, third, and fourth pilotstreams in pilot pattern B (first pilot 
stream in pilot pattern B shall be null transmission) 

M = 2 k = 0 use first and second pilot streams in pilot pattern B (third and fourth 
pilot streams in pilot pattern B shall be null transmission) 

M = 2 k = 1 use second and third pilot streams in pilot pattern B (first and fourth 
pilot streams in pilot pattern B shall be null transmission) 

M = 2 k = 2 use third and fourth pilot streams in pilot pattern B (first and second 
pilot streams in pilot pattern B shall be null transmission) 

M = 1 k = 0 use first pilot stream in pilot pattern B (the other pilot streams in pilot 
pattern B shall be null transmission) 

M = 1 k = 1 use second pilot stream in pilot pattern B (the other pilot streams in 
pilot pattern B shall be null transmission) 

M = 1 k = 2 use third pilot stream in pilot pattern B (the other pilot streams in pilot 
pattern B shall be null transmission) 

M = 1 k = 3 use fourth pilot stream in pilot pattern B (the other pilot streams in 
pilot pattern B shall be null transmission) 

0043. As can be noted from Table 1, pilot allocation infor 
mation may be provided to each user by transmitting K, M, 
and k to the user. In addition, the user may be aware of a used 
pilot patternand pilot streams allocated to the user in the pilot 
pattern from the received values K, M, and k. 
0044) Table 1 describes an exemplary MU-MIMO system 
Supporting K-2, K=3 and K-4. Accordingly, one, two, or 
three pilot streams are allocated to a user in the exemplary 
MU-MIMO system. While four k values ranging from 0 to 3 
are available, their use is limited as illustrated in Table 1. 
0045. In addition, if K is restricted to 2 in a specific 
resource area of a system (for example, up to two pilot 
streams are supported in IEEE 802.16m or the system is 
configured to have two transmission antennas), only two pilot 
allocation cases are available. Accordingly, 1-bit pilot alloca 
tion information may be transmitted to a user. 

Embodiment 3 

0046 While pilot allocation information is configured 
with K, M, and k in Table 1, the pilot allocation information 
configuration may be further simplified. FIG. 4 is a flowchart 
illustrating a method for transmitting pilot allocation infor 
mation according to a yet another exemplary embodiment of 
the present invention. 
0047. As shown in FIG.4, the BS determines the number 
of pilot streams allocated to a user in a pilot pattern, M., the 
total number of pilotstreams allocated to all users in the pilot 
pattern, K, and the index of the first of one or more pilot 
streams allocated to the user among multiple pilot streams 
defined for the pilot pattern, k, in step 401. Then, the BS 
assigns an index to pilot allocation information configured 
with the determined K, M, and k in step 402. Then, the BS 
transmits the index to the user in step 403. 
0048. A total of 16 modes are defined in Table 1. The term 
“mode indicates a pilot patternand pilot streams allocated to 

a user in the pilot pattern, determined by the user according to 
K, M, and k mapped to an index. Therefore, the BS may 
number the respective modes with indexes in four bits and 
provide an index as pilot allocation information to a user. 
0049 Table 2 is an exemplary re-configuration of the pilot 
allocation information configuration table shown in Table 1. 

TABLE 2 

Index K M & 

O 2 1 O 
1 2 1 
2 3 2 O 
3 3 2 
4 3 1 O 
5 3 1 
6 3 1 2 
7 4 3 O 
8 4 3 
9 4 2 O 
10 4 2 
11 4 2 2 
12 4 1 O 
13 4 1 
14 4 1 2 
15 4 1 3 

0050. When the system supports only four pilot streams, 
indexes 0 to 15 are required in Table 2. If the system supports 
up to two pilot streams, for example, when the BS has two 
transmission antennas or a tile-based DRU is allocated to a 
MU-MIMO user, indexes 0 and 1 suffice instead of indexes 0 
to 15 listed in Table 2. 

0051. Accordingly, only available cases are extracted 
from the index-based pilot allocation information configura 
tion table depending on a system situation (e.g., overhead, 
maximum M value, or limited K value) and a new pilot 
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allocation information configuration table may be made by 
re-numbering the extracted cases with indexes. 
0052 Table 3 illustrates an exemplary pilot allocation 
information configuration table under the condition that Kis 
restricted to 4 and M is 1 or 2. The seven cases listed in Table 
3 may be represented by three bits. 

TABLE 3 

Index K M k 

0053) If K or M has only one value or is implicitly known 
from another setting, it may not need to be provided. For 
example, if 4 is the only available K value and M, is 1 or 2 in 
the MU-MIMO system, Table 3 may be simplified as shown 
by Table 4. That is, when needed, a pilot allocation informa 
tion configuration table may be re-configured by omitting 
unnecessary information. 

TABLE 4 

Index M k 

O 2 O 
1 2 1 
2 2 2 
3 1 O 
4 1 1 
5 1 2 
6 1 3 

0054. In the case where a pilot allocation information con 
figuration table is made using indexes, if a user has knowl 
edge of the contents of the table, the BS has to transmit only 
a specific index to the user so that the user determines a used 
pilot patternand pilot streams allocated to the user in the pilot 
pattern by the index. 
0055 Alternatively, the allocated pilot streams may be 
indicated by a bitmap. If four pilot streams are available, 
allocated pilot streams may be indicated in 4 bits. For 
example, if the bitmap is set to 1100, this may indicate that 
pilot streams 0 and 1 are allocated to the user and if the bitmap 
is set to 0110, this may indicate that pilotstreams 1 and 2 are 
allocated to the user. 
0056. If multiple pilot patterns are available, the use of a 
bitmap requires prior knowledge of a selected pilot pattern. 
Accordingly, the selected pilot pattern is directly signaled or 
indicated by K. If K is 3, three pilot streams are used for all 
MU-MIMO users and thus a 3-bit bitmap is required. If the 
system uses a fixed bit area, the size of a bitmap is equal to a 
maximum K value and unused bits starting from its Least 
Significant Bit (LSB) or Most Significant Bit (MSB) may be 
reserved. 

0057 The above-described methods for transmitting pilot 
allocation information are applicable to downlink 
MU-MIMO as well as uplink MU-MIMO. Upon receipt of 
data and pilot allocation information from the BS, a user 
determines its channel status using pilots indicated by the 
pilot allocation information and decodes the databased on the 
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channel status. In the uplink MU-MIMO, the user transmits 
data and pilot allocation information to the BS. Then, the BS 
determines its channel status using pilots indicated by the 
pilot allocation information and decodes the databased on the 
channel status. 
0.058 As is apparent from the above description, pilot 
allocation information is efficiently transmitted to a user 
equipment in a MU-MIMO system according to the present 
invention. The present invention is applicable to a MS or a 
network entity in a wireless access system. 
0059 FIG. 5 is a block diagram of an apparatus which is 
applicable to a BS and a UE, for implementing the methods 
according to the exemplary embodiments of the present 
invention. 
0060 Referring to FIG. 5, an apparatus 500 includes a 
processor unit 510, a memory unit 520, a Radio Frequency 
(RF) unit 530, a display unit 540, and a User Interface (UI) 
unit 550. The processor unit 510 takes charge of physical 
interface protocol layers and provides a control plane and a 
user plane. The processor unit 510 may also perform the 
functionalities of each layer. The memory unit 520 is electri 
cally connected to the processor unit 510 and stores an oper 
ating system, application programs, and general files. If the 
apparatus 530 is a UE, the display unit 540 may display a 
variety of information and may be implemented with a known 
Liquid Crystal Display (LCD), an Organic Light Emitting 
Diode (OLED), or the like. The UI unit 550 may be config 
ured in combination with a known UI like a keypad, a touch 
screen, etc. The RF unit 530 is electrically connected to the 
processor unit 540, for transmitting and receiving RF signals. 
0061. In the exemplary embodiments of the present inven 
tion, a description has been made of a data transmission and 
reception relationship between a BS and a user. The term BS 
refers to a terminal node of a network which communicates 
directly with the user. In some instances, an operation 
described as performed by the BS may be performed by an 
upper node of the BS. In other words, in a network comprised 
of a plurality of network nodes including a BS, various opera 
tions performed for communication with a user may be per 
formed by the BS, or network nodes other than the BS. The 
term BS may be replaced with the term fixed station, 
Node B, eNode B (eNB), access point, etc. 
0062. The term user corresponds to a Mobile Station 
(MS) and “MS may be replaced with the term “User Equip 
ment (UE), Subscriber Station (SS), Mobile Subscriber 
Station (MSS), mobile terminal, etc. In addition, the MS 
(or terminal) may be any of a Personal Digital Assistant 
(PDA), a cellular phone, a Personal Communication Service 
(PCS) phone, a Global System for Mobile (GSM) phone, a 
Wideband Code Division Multiple Access (WCDMA) 
phone, a Mobile Broadband System (MBS) phone, etc. 
0063 A transmitter means a node that transmits voice or 
data service and a receiver means a node that receives voice or 
data service. Accordingly, an MS may be a transmitter and a 
BS may be a receiver, on uplink. Likewise, the MS may be a 
receiver and the BS may be a transmitter, on downlink. 
0064 Exemplary embodiments of the present invention 
may be achieved by various means, for example, hardware, 
firmware, software, or a combination thereof. 
0065. In a hardware configuration, the methods for trans 
mitting pilot allocation information according to exemplary 
embodiments of the present invention may be achieved by 
one or more Application Specific Integrated Circuits 
(ASICs), Digital Signal Processors (DSPs), Digital Signal 
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Processing Devices (DSPDs), Programmable Logic Devices 
(PLDs), Field Programmable Gate Arrays (FPGAs), proces 
sors, controllers, microcontrollers, microprocessors, etc. 
0066. In a firmware or software configuration, the meth 
ods according to the exemplary embodiments of the present 
invention may be implemented in the form of a module, 
procedure, function, or the like performing the above-de 
scribed functions or operations. A Software code may be 
stored in a memory unit and executed by a processor. The 
memory unit is located at the interior or exterior of the pro 
cessor and may transmit and receive data to and from the 
processor via various known means. 
0067. It will be apparent to those skilled in the art that 
various modifications and variations can be made in the 
method for transmitting pilot allocation information to user 
equipment in a multi-user multiple input multiple output sys 
tem of the present invention without departing from the spirit 
or scope of the invention. Thus, it is intended that the present 
invention cover the modifications and variations of this inven 
tion provided they come within the scope of the appended 
claims and their equivalents. 

What is claimed is: 
1. A method for transmitting pilot allocation information 

from a base station for reception by at least one of a plurality 
of mobile stations participating in a Multi-User Multiple 
Input Multiple Output (MU-MIMO) communication, the 
method comprising the steps of 

generating pilot allocation information for the one mobile 
station; and 

transmitting the pilot allocation information for reception 
by the one mobile station, 

wherein the pilot allocation information includes at least 
one of a total number K of pilot streams allocated to the 
plurality of mobile stations, an index k representing a 
first pilot stream of one or more pilotstreams allocated to 
the one mobile station among a plurality of pilot streams 
defined for a pilot pattern selected for the MU-MIMO 
communication, a number M of the pilot streams allo 
cated to the one mobile station, and bitmap information 
indicating the pilot streams allocated to the one mobile 
station among the plurality of pilot streams defined for 
the pilot pattern. 

2. The method according to claim 1, wherein the pilot 
pattern selected for the MU-MIMO communication supports 
at least the total number K of pilot streams allocated to the 
plurality of mobile stations. 

3. The method according to claim 2, wherein if two or more 
pilot patterns corresponding to the total number K of pilot 
streams allocated to the plurality of mobile stations are avail 
able for selection, the pilot allocation information further 
includes information indicating the selected one of the two or 
more pilot patterns. 

4. The method according to claim 1, wherein a total of M 
pilot streams, including the k-th pilot stream, are allocated to 
the one mobile station. 

5. The method according to claim 1, wherein a total of M 
contiguous pilot streams, including the k-th pilot stream, are 
allocated to the one mobile station. 

6. The method according to claim 1, wherein if two or more 
pilot streams are allocated to the one mobile station, the pilot 
allocation information further includes information indicat 
ing differences of the index k of the first pilotstream allocated 
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to the one mobile station and indexes of remaining pilot 
streams allocated to the one mobile station, starting from a 
second pilot stream. 

7. The method according to claim 1, wherein the bitmap 
information includes Kbits. 

8. A method for transmitting pilot allocation information 
from a base station for reception by at least one of a plurality 
of mobile stations participating in a Multi-User Multiple 
Input Multiple Output (MU-MIMO) communication, the 
method comprising the steps of 

determining a total number K of pilot streams allocated to 
the plurality of mobile stations; 

determining an index k representing a first pilot stream of 
one or more pilot streams allocated to the one mobile 
station among a plurality of pilot streams defined for a 
pilot pattern selected for the MU-MIMO communica 
tion; 

determining a number M of the pilot streams allocated to 
the one mobile station; and 

transmitting information representing the determined K, k 
and M for reception by the one mobile station. 

9. The method according to claim 8, wherein the pilot 
pattern selected for the MU-MIMO operation supports at 
least the total number K of pilot streams allocated to the 
plurality of mobile stations. 

10. The method according to claim 9, wherein a total of M 
pilot streams, including a k-th pilot stream in the pilot pattern, 
are allocated to the one mobile station. 

11. The method according to claim 8, wherein the infor 
mation representing the determined K. k and M is an index 
value specifying the determined K. k and M. 

12. A method for using pilot allocation information trans 
mitted from a base station at one of a plurality of mobile 
stations in a Multi-User Multiple Input Multiple Output (MU 
MIMO) communication, the method comprising the steps of: 

receiving the pilot allocation information; and 
determining positions of pilots allocated to the one mobile 

station in a pilot pattern selected for the MU-MIMO 
communication based on the pilot allocation informa 
tion, 

wherein the pilot allocation information includes at least 
one of a total number K of pilot streams allocated to the 
plurality of mobile stations, an index k representing a 
first pilot stream of one or more pilotstreams allocated to 
the one mobile station among a plurality of pilot streams 
defined for the pilot pattern selected for the MU-MIMO 
communication, a number M of the pilot streams allo 
cated to the one mobile station, and bitmap information 
indicating the pilot streams allocated to the one mobile 
station among the plurality of pilot streams defined for 
the pilot pattern. 

13. The method according to claim 12, wherein the pilot 
pattern selected for the MU-MIMO communication supports 
at least the total number K of pilot streams allocated to the 
plurality of mobile stations. 

14. The method according to 13, wherein if two or more 
pilot patterns corresponding to the total number K of pilot 
streams allocated to the plurality of mobile stations are avail 
able for selection, the pilot allocation information further 
includes information indicating the selected one of the two or 
more pilot patterns. 

15. The method according to claim 12, whereina total of M 
pilot streams, including a k-th pilot stream, are allocated to 
the one mobile station. 



US 2010/0178927 A1 

16. The method according to claim 12, wherein a total of M 
contiguous pilot streams, including a k-th pilot stream, are 
allocated to the one mobile station. 

17. The method according to claim 12, wherein if two or 
more pilot streams are allocated to the one mobile station, the 
pilot allocation information further includes information 
indicating differences of the index k of the first pilot stream 
allocated to the one mobile station and indexes of remaining 
pilot streams allocated to the one mobile station, starting from 
a second pilot stream. 

18. The method according to claim 12, wherein the bitmap 
information includes K bits. 

19. The method according to claim 12, further comprising 
the steps of: 

receiving a pilot signal transmitted by the base station; and 
estimating a radio channel between the base station and the 

one mobile station using the positions of pilots allocated 
to the one mobile station and the received pilot signal. 

20. The method according to claim 12, further comprising 
the step of transmitting a pilot signal at the positions of pilots 
allocated to the one mobile station for reception by the base 
station. 

21. A mobile station in a Multi-User Multiple Input Mul 
tiple Output (MU-MIMO) communication system with at 
least one base station transmitting pilot allocation informa 
tion and one or more other mobile stations, the mobile station 
comprising: 

a receiver to receive the pilot allocation information; and 
a processing unit to determine positions of pilots allocated 

to the mobile station in a pilot pattern selected for the 
MU-MIMO communication based on the pilot alloca 
tion information, 

wherein the pilot allocation information includes at least 
one of a total number K of pilot streams allocated to the 
mobile station and the other mobile stations in the MU 
MIMO communication, an index k representing a first 
pilot stream of one or more pilot streams allocated to the 
mobile station among a plurality of pilot streams defined 
for the pilot pattern selected for the MU-MIMO com 
munication, a number M of the pilot streams allocated to 
the mobile station, and bitmap information indicating 
the pilot streams allocated to the mobile station among 
the plurality of pilot streams defined for the pilot pattern. 

22. The mobile station according to claim 21, wherein the 
pilot pattern selected for the MU-MIMO communication Sup 
ports at least the total number K of pilot streams allocated to 
the mobile station and the other mobile stations. 

23. The mobile station according to claim 22, wherein if 
two or more pilot patterns corresponding to the total number 
Kof pilotstreams allocated to the mobile station and the other 
mobile stations are available for selection, the pilot allocation 
information further includes information indicating the 
selected one of the two or more pilot patterns. 

24. The mobile station according to claim 21, wherein a 
total of M pilot streams, including a k-th pilot stream, are 
allocated to the mobile station. 

25. The mobile station according to claim 21, wherein a 
total of M contiguous pilot streams, including a k-th pilot 
stream, are allocated to the mobile station. 

26. The mobile station according to claim 21, wherein if 
two or more pilot streams are allocated to the mobile station, 
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the pilot allocation information further includes information 
indicating differences of the index k representing the first 
pilot stream allocated to the mobile station and indexes of 
remaining pilot streams allocated to the mobile station, start 
ing from a second pilot stream. 

27. The mobile station according to claim 21, wherein the 
bitmap information includes K bits. 

28. The mobile station according to claim 21, wherein: 
the receiver is also configured to receive a pilot signal 

transmitted from the base station; and 
the processing unit is also configured to estimate a radio 

channel between the base station and the mobile station 
using the positions of pilots allocated to the mobile 
station and the received pilot signal. 

29. The mobile station according to claim 21, further com 
prising a transmitter to transmit a pilot signal at the positions 
of pilots allocated to the mobile station to the base station. 

30. A base station in a Multi-User Multiple Input Multiple 
Output (MU-MIMO) communication system with a plurality 
of mobile stations, the base station comprising: 

a processing unit to generate pilot allocation information 
for at least one of the plurality of mobile stations; and 

a transmitter to transmit the pilot allocation information to 
the one mobile station, 

wherein the pilot allocation information includes at least 
one of a total number K of pilot streams allocated to the 
plurality of mobile stations, an index k representing a 
first pilot stream of one or more pilotstreams allocated to 
the one mobile station among a plurality of pilot streams 
defined for a pilot pattern selected for the MU-MIMO 
operation, a number M of the pilot streams allocated to 
the one mobile station, and bitmap information indicat 
ing the pilot streams allocated to the one mobile station 
among the plurality of pilot streams defined for the pilot 
pattern. 

31. The base station according to claim 30, wherein the 
pilot pattern selected for the MU-MIMO communication Sup 
ports at least the total number K of pilot streams allocated to 
the plurality of mobile stations. 

32. The base station according to claim 31, wherein if two 
or more pilot patterns corresponding to the total number K of 
pilot streams allocated to the plurality of mobile stations are 
available for selection, the pilot allocation information fur 
ther includes information indicating the selected one of the 
two or more pilot patterns. 

33. The base station according to claim 30, wherein a total 
of Mpilot streams, including a k-th pilot stream, are allocated 
to the one mobile station. 

34. The base station according to claim 30, wherein a total 
of M contiguous pilot streams, including a k-th pilot stream, 
are allocated to the one mobile station. 

35. The base station according to claim 30, wherein if two 
or more pilot streams are allocated to the mobile station, the 
pilot allocation information further includes information 
indicating differences of the index k representing the first 
pilot stream allocated to the one mobile station and indexes of 
remaining pilot streams allocated to the one mobile station, 
starting from a second pilot stream. 

36. The base station according to claim 30, wherein the 
bitmap information includes K bits. 
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